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OPERAT 1 ON  OF  THE  DERBY  DUST  COLLECTOR 
IN  TRACTION  SERVICE. 

If  there  is  any  truth  in  the  saying  that  old  age 
commands  respect,  compressed  air  certainly  has  strong  claims 
for  respectful  consideration,  for  its  past  reaches  far  "be- 
yond the  "beginnings  of  recorded  history.     There  can  "be  no  doubt 
that  air  compressed  in  some  degree  found  practical  applica- 
tion in  the  very  earliest  ages  of  man's  history.     The  reduc- 
tion of  metals  from  their  ores  was  one  of  the  earliest  arts 
acquired  by  mankind;  and  the  "blast  furnace  must  have  "been 
the  "basis  of  these  processes. 

Probably  the  earliest  recorded  air-compressor  is 
that  found  on  the  walls  of  a  tomb  in  Egypt,  in  which  two  men 
standing  on  leather  bags  of  air  alternately  press  them  down 
with  their  feet  to  produce  a  blast  for  a  furnace.    The  ancients 
employed  compressed  air  in  various  ways,  as  in  the  "wind-guns 
of  Ctesibus",   in  forming  continuous  jets  for  their  fountains, 
in  blasts  for  forges,  and  in  a  great  many  other  ways  too  num- 
erous to  mention.     Two  hundred  years  ago,  in  France,  Denis 
Papin  first,  suggested  the  use  of  compressed  air  for  transmitting 
packages  in  tubes.     In  1829  William  Mann  took  out  a  patent  in 
England  for  a  compound  air-compressor.     The  description  of  his 
patent  is  a  very  exact  description  of  the  best  methods  of  com- 
pressing air  today.    Only  in  the  last  ten  years  of  the  19  th. 
century  were  the  fundamental  principles  of  economical  air-com- 
pression put  into  general  practice,  though  all  of  them  are 
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contained  in  the  patent  of  William  Mann. 

The  first  successful  application  of  compressed  air 
to  the  transmission  of  power  as  we  know  it,  was  at  the  Mont 
Cenis  Tunnel  in  1861.     The  successful  work  in  this  tunnel  with 
the  percussion  drilling  machine  caused  the  use  of  compressed 
air  to  speed  rapidly,  and  it  was  soon  found  that  there  were 
many  other  purposes  for  which,  it  could  he  employed  with  ad- 
vantage, especially  after  economical  compression  was  adopted. 
Paris  has  developed  an  immense  system  for  distributing  com- 
pressed air  for  power  purposes  and  now  has  two  great  compressor 
plants  and  more  than  fifty  miles  of  distributing  pipes,  furnish 
ing  air  at  75  pounds  pressure  to  thousands  of  customers,  who 
use  it  for  every  imaginable  purpose.     It  has  also  been  success- 
fully introduced  on  tramways,  in  competition  with  electric  and 
cable  traction  systems. 

The  transmission  of  air  from  the  compressor  to  the 
place  where  it  is  to  be  used  is  much  more  simple  and  effective 
that  is  usually  supposed.     It  is  found  in  practice  that,  allow- 
ing a  velocity  of  fifteen  to  twenty  feet  per  second,  there  is 
no  noticeable  difference  in  pressure  between  the  compressor 
and  the  place  where  it  is  to  be  used  several  miles  away.  Com- 
mon oil  well-tubing  is  largely  used  for  the  pipes  and  if  it  i 
is  properly  put  in  there  is  very  slight  loss  from  leakage.  In 
good  practice  there  need  not  be  more  than  one  percent  loss 
through  leakage,  and  one  percent  possibly  through  friction,  in 
the  transmission  of  air. 

High  pressure  compressors  are  no  longer  "freak" 
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roachines,  unreliable,  and  largely  experimental.     The  increasing 
use  of  high  pressure  air  has  demanded  a  solution,    (once  for 
all)  ef  the  problems  of  high  pressure  compression;   and  the  pneu 
matic  engineer  has  been  equal  to  the  task.     The  best  thousand 
pound  pressure  compressors  of  today  are  as  reliable,  as  effic- 
ient, as  thoroughly  "standard",  as  the  lower  pressure  machines. 

There  has  been  some  rivalry  between  compressed  air 
and  electricity.     A  few  years  ago  each  viewed  the  other  with 
suspicion  but  they  are  now  finding  their  proper  places.  Each 
has  a  field  distinctlj''  its  own,  into  which  the  other  cannot 
hope  to  enter  with  any  prospect  of  success.     At  points  these 
fields  touch  or  even  overlap;  but  here,   instead  of  rivalry, 
they  join  forces,  and  the  result  is  wonderful  from  an  engineer- 
ing standpoint.     A  great  masterpiece  of  this  is  shown  in  the 
electro-pneumat ic  switch  and  signal  system  of  the  New  York 
Rapid  Transit  Subway,  in  which  the  electric  current  throws  the 
valve  admitting  the  sturdy  power  of  compressed  air  from  auto- 
matic air  compressors  driven  by  electric  motors.    The  import- 
ance of  removing  the  moisture  from  compressed  air  is  becoming 
more  generally  appreciated  under  the  present  tendency  towards 
larger  units,  and  longer  and  more  complex  air  transmissions. 
In  long  pipe  lines  carrying  large  volumes  of  air,  moisture,  if 
present,  will  accumulate  in  the  low  places  in  the  line  and 
will  ultimately  fill  the  pipe,  shutting  off  the  passage  until 
the  air  pressure  forces  the  water  away,  often  with  a  destruc- 
tive "water  hammer  action". 

Now  this  is  a  point  of  vital  importance  in  its  bear- 
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ing  upon  transmission  pipe  line  efficiency.     Going  further, 
to  the  machine  using  the  air,  it  is  necessary  to  dwell  upon 
the  trouble  and  delay  caused  "by  the  freezing  of  exhaust  ports, 
due  directly  to  the  presence  of  moisture  in  the  air.  Occasion- 
ally the  "builders  of  compressed  air  machinery  meet  a  situation 
which  forces  them  to  the  "belief  that  the  real  cause  of  freezing 
at  drills  and  air  motors  is  not  fully  appreciated.    There  is 
often  a  mistaken  idea  that  it  is  the  atmospheric  temperature 
which  causes  this.     On  the  contrary,  rock  drills  have  been 
known  to  freeze  tight  at  midday  in  the  torrid  August  sun  of 
New  Mexico.     The  fact  is  that  cold  is  produced  directly  by 
the  expansion  of  the  exhaust  air.    Naturally  the  trouble  is 
greatest  in  winter.    But  if  all  moisture  is  removed  from  the 
air  before  expansion,  no  air  motor  can  freeze  up  however  high 
the  degree  of  expansion,  for  the  very  simple  reason  that  there 
is  nothing  to  freeze. 

But  the  compressor  intercoolers  are  not  wholly  ade- 
quate for  this  problem  of  air  drying.     At  best  they  can  remove 
only  a  part  of  the  moisture  in  the  air.    There  must  be  some 
further  arrangement  for  air  drying;  and  this  leads  to  a  dis- 
cussion of  "collectors".    Aside  from  removing  the  water  in  the 
transmission  pipe  line,  with  increased  friction  and  liability 
to  freeze  and  aside  also  from  avoiding  the  trouble  with  "frozen" 
air  motors,  the  use  of  a  collector  is  important  in  its  effect 
upon  the  life  and  operation  of  the  motors.    Water  is  not  a 
good  lubricant;  equally  axiomatic  is  the  fact  that  oil  and 
water  will  not  mingle.    The  delivery  of  water  to  a  drill  or 
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other  air  motor  washes  out  the  libricant,   increasing  the  wear 
and  reducing  its  effectiveness.     Especially  true  is  this  in 
the  case  of  pneumatic  tools,  where  a  thin  libricant  is  uaed. 
The  use  of  moist  air  in  an  expansion  engine  is  practically 
impossible,  a  fact  largely  responsible  for  the  ill-repute  of 
the  air  motor. 

There  is  a  device  for  drying  air  that  is  inexpensive 
and  fairly  satisfactory.     It  is  located  at  a  convenient  point, 
on  the  air  line.     It  consists  of  a  sort  of  receiver  about 
four  times  the  diameter  of  the  main  line,  and  several  inches 
long,  arranged  in  a  vertical  position.    A  cock  is  placed  at 
the  lower  head  for  blowing  out  the  moisture  as  it  accumulates. 
This  device  brings  the  air  in  contact  with  more  pipe  surface 
during  its  passage.     It  is  a  sort  of  trap  for  lowering  the 
temperature  of  the  air  and  precipitating  and  collecting  the 
moisture.    The  foregoing  apparatus  will  remove  dust  from  the 
compressed  air  as  well  as  moisture.     The  main  difference  is 
that  the  moisture  is  in  the  air  when  it  leaves  the  compressor 
while  the  dust  accumulates  in  it  as  it  passes  along  to  its 
destination.     In  a  great  many  cases  dust  is  more  detrimental 
to  the  uses  of  compressed  air  than  moisture  so  the  object  of 
a  collector  would  be  to  collect  both  the  dust  and  moisture  f 
from  the  air  as  it  passes  through  the  piping  and  before  it 
reaches  its  place  of  application.     The  collector  should  be 
strong,  durable,  and  as  small  as  possible.     It  should  be  placed 
in  the  pipe  line  where  it  can  be  easily  reached  for  cleaning 
as  often  as  may  be  found  necessary. 
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A  great  many  collectors  have  been  tried  with  only 
a  small  decree  of  success.    The  one  used  in  these  tests  seems 
to  have  most  of  the  requisites;  it  is  strong  and  durable,  and 
is  both  small  and  light,  and  could  be  placed  in  a  pipe  line 
where  space  is  valuable.     The  principle  of  this  collector  is 
very  simple.     The  air  is  admitted  to  the  collector  as  shown 
in  the  diagram,  and  being  thrown  against  the  sides  very  foric- 
bly,  the  heavy  particles  of  moisture  and  dust  collect  on  the 
sides  and  drain  down  into  the  cuplike  basin  at  the  base  of 
the  collector.     This  action,  of  course,  presupposes  that  the 
moisture  in  the  air  is  not  in  the  form  of  vapor,  for  in  that 
case  it  being  a  gas  and  the  air  being  made  up  of  gases  ,  the 
law  of  diffusion  of  gases  would  prevent  separation,  but  if  the 
air  is  chilled  before  going  into  the  collector,  by  expansion 
or  otherwise,  chilled  enough  to  create  a  mist,  the  finely  di- 
vided particles  of  water  and  dust  in  suspension  can  then  be 
thrown  down  and  removed  by  the  collector. 

The  collector  used  in  these  tests  was  the  Derby  dust 
and  moisture  collector.     It  is  made  of  cast  iron  and  the  main 
part  of  it  is  in  one  piece.     The  collector  tested  is  nine  inches 
long  and  has  diameter  of  about  3  l/2  inches  on  the  outside. 
The  inlet  and  outlet  pipes  screw  into  the  collector  and  the 
cuplike  basin  in  the  bottom  of  the  collector  unscrews  so  it 
can  easily  be  removed.     The  cock  screws  into  the  side  of  the 
collector  near  the  bottom  so  the  water  will  drain  off  when 
the  moisture  is  collected  in  large  enough  quantities.     All  parts 
and  attachments  being  made  to  screw  together  makes  it  compact 
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and  it  can  easily  "be  removed  or  taken  down  for  cleaning.  A 
diagram  of  the  collector  on  the  following  page  shows  how  simple 
it  is. 

In  running  tests  on  this  collector  to  determine  how 
efficient  it  was  in  taking  dust  and  moisture  out  of  the  air, 
two  collectors  were  used  and  two  different  forms  of  apparatus 
set  up.     In  both  forms,  a  collector  was  placed  in  the  pipe  line 
just  ahead  of  the  apparatus  to  take  the  dust  and  moisture  out 
of  the  air  and  thus  start  the  air  through  the  apparatus  in  a 
pure  state.     Then  with  the  apparatus  which  was  set  up  for  test, 
dust  or  moisture  could  he  introduced  into  the  air  in  known 
quantities  and  in  different  proportions.    Then  measuring  by 
some  means  the  amount  still  remaining  in  the  air  after  it  had 
passed  through  a  second  collector,  the  efficiencj^  of  the  col- 
lector could  easily  he  determined. 

On  the  following  page  is  a  diagram  which  shows  the 
apparatus  as  arranged  for  thedust  test.     In  the  piping  just 
ahead  of  the  first  collector  is  a  valve  by  which  the  supply 
of  air  could  be  regulated.    Between  the  two  collectors  is  a 
pipe  about  three  feet  long  and  near  the  middle  of  this  pipe 
a  branch  pipe  enters.    This  branch  pipe  is  only  a  few  inches 
long  and  was  used  to  introduce  dust.    The  pipe  leaving  the 
second  collector  is  about  a  foot  long  and  during  the  test  a 
cloth  was  placed  over  the  end  of  this  so  as  to  catch  the  dust 
which  remained  in  the  air  after  passing  the  collector.     To  de- 
termine at  all  accurately  the  amount  of  dust  retained  in  the 
second  collector  was  impossible  because  the  dust  stuck  to  the 
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sides  of  the  collector  and  could  not  all  be  removed  when  the 
cuplike  basin  was  emptied.     However,  the  efficiency  of  the 
collector  could  be  calculated  from  the  amount  of  dust  put  in 
and  the  amount  still  in  the  air  after  it  had  passed  through 
the  collector. 

Fifteen  tests  were  run  with  five  different  speeds 
of  air  and  different  amounts  of  dust  were  put  into  the  air 
for  the  different  tests.    Dust  had  to  be  deposited  in  the 
branch  pipe  before  the  air  was  turned  on.     A  small  portion  of 
the  dust  was  probably  thrown  into  the  collector  in  a  cloud 
by  the  first  gust  of  air  but  the  remaining  portion  would  go 
more  slowly  and  by  allowing  the  air  to  flow  for  some  time  the 
dust  would  mix  pretty  thorough^  with  the  air  while  in  the 
collector.     In  order  to  determine  the  amount  of  dust  in  the 
air  after  passing  the  collector,  the  cloth,  which  was  fastened 
over  the  end  of  the  pipe,  was  carefully  weighed  both  before 
and  after  the  test,  the  difference  between  the  two  weights  be- 
ing the  amount  of  dust  not  removed  from  the  air  by  the  second 
collector.    On  the  following  page  is  a  data  sheet  for  these 
tests  giving  the  full  details  of  the  tests  and  the  efficiency 
of  the  collector  for  the  different  speeds  of  air  and  the  dif- 
ferent amounts  of  dust  put  into  the  air.     It  is  seen  from 
the  data  that  the  efficiency  of  the  collector  in  regard  to 
dust  runs  from  98.2  to  99.2.    The  amount  of  dust  put  in  does 
not  seem  to  make  any  marked  change  in  the  efficiency,  but  as 
the  speed  of  the  air  increases  trie  efficiency  seems  to  decrease. 

The  testing  of  the  collector  for  moisture  was  a  more 
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complicated  problem  in  one  respect  and  lean  complicated  in  an- 
other.    The  apparatus  could  "be  arranged  so  that  water  could 
be  mixed  with  the  air  in  different  proportions  while  the  tests 
were  being  run.     It  was,  however,  more  complicated  in  that 
it  was  difficult  to  determine  the  quantity  of  moisture  still 
in  the  air  after  passing  through  the  collector.     On  the  fol- 
lowing page  is  a  diagram  of  the  apparatus  used  in  these  moisture 
tests.     At  the  left  is  the  first  collector  and  just  in  front 
of  this  is  the  valve  which  controls  the  supply  of  air  to  be 
admitted  for  the  tests.     At  "A"  the  pipe  branches  off;  the  main 
line  going  on  to  the  second  collector  while  the  branch  line 
leads  into  the  pipe  holding  the  water,  to  be  mixed  with  the 
air  before  it  goes  into  the  second  collector.     A  water  gage  is 
placed  as  shown  to  indicate  by  its  change  of  level  the  rate 
of  flow  of  water.     The  valve  at  "B"  controls  the  supply  of 
water  by  action  of  gravity  since  there  is  the  same  pressure 
both  above  and  below  the  water  column.     As  this  water  mixes 
with  the  air  it  goes  into  the  collector.     The  problem  now  was 
to  determine  the  amount  of  moisture  still  in  the  air  after 
passing  through  the  collector.     The  best  way  to  do  this  under 
the  existing  circumstances  was  to  send  the  air  through  a  tube 
containing  calcium  chloride.     Calcium  chloride  is  a  good  ab- 
sorbant  of  moisture  and  by  carefully  weighing  the  tube  both 
before  and  after  the  test,  the  amount  of  moisture  taken  up 
by  the  calcium  chloride  would  be  obtained.     This  would  also 
be  the  amount  of  moisture  left  in  the  air  after  passing  through 
the  collector  because  as  long  .as  the  calcium  chloride  is  kept 
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fairly  well  dried  it  takes  all  of  the  moisture  out  of  the  air 
which  passes  through  it.     This  process  would  have  been  fairly 
easy  if  the  tube  containing  tine  calcium  chloride  had  have 
been  large  enough  to  take  all  of  the  air  but  the  best  tube 
obtainable  was  rather  small  so  a  branch  was  placed  in  the  pipe 
and  valves  arranged  so  the  supply  of  air  to  the  tube  could 
be  regulated  according  to  its  capacity.     Each  branch  of  the 
pipe  line  then  led  into  a  meter  so  the  amount  of  air  passing 
through  the  tube  and  the  amount  of  the  remaining  portion  of 
the  air  would  be  known.     Prom  this  data  the  total  amount  of 
moisture  in  the  air  after  passing  the  collector  could  be  de- 
termined . 

Several  different  tests  were  made  upon  the  collector 
in  regard  to  the  moisture  which  it  would  take  from  the  air. 
Five  different  speeds  of  air  were  used,  the  same  as  in  the 
dust  tests  but  each  speed  was  run  twice  for  the  same  length 
of  time  and  with  the  same  amount  of  water  put  in;  one  being 
a  check  upon  the  other.    Following  are  data  sheets  for  these 
tests  showing  the  full  details  of  the  tests  and  the  calcula- 
tions made.     In  the  first  test  no  water  was  put  into  the  air 
and  each  run  was  for  a  duration  of  five  minutes.    No  water  was 
taken  from  the  air  by  the  collector  but  the  increase  in  the 
weight  of  the  tube  containing  the  calcium  chloride  showed  that 
there  was  moisture  .in  the  air  after  it  had  passed  through  the 
collector.     There  was  no  water  put  in  the  air  and  none  taken 
out  by  the  collector  so  the  amount  taken  out  by  the  calcium 
chloride  was  the  amount  in  the  air  while  it  was  ordinarily. 
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passing  through  the  pipe.     This,  as  shown  by  the  data  sheet, 
was  small  and  would  probably  never  cause  any  trouble.  In 
the  next  test  five  different  speeds  of  air  were  used  and  each 
run  was  for  five  minutes  as  before  but  in  this  test  45.9  grans 
of  water  was  let  into  the  air  during  each  run  of  five  minutes. 
The  collector  showed  itself  to  be  of  great  value  in  this  test 
by  taking  out  from  92$  to  98$  of  the  water  put  into  the  air. 
Its  efficiency  was  greatest  for  the  lower  speeds  of  air  and 
seemed  to  decrease  as  the  speed  of  the  air  increased.     In  the 
next  test  each  run  was  for  ten  minutes  but  the  rest  of  the 
test  was  the  same  as  before.     Following  this  was  two  other 
tests,   one  with  runs  of  20'  and  the  other  with  runs  of  30'. 
It  was  impossible  to  make  a  run  of  20'  or  30'  for  the  higher 
speeds  of  air  because  the  supply  of  calcium  chloride  in  the 
tube  was  so  limited  that  it  became  saturated  before  the  end 
of  the  time  on  those  speeds.     Only  the  three  smaller  speeds 
were  used  in  these  two  tests.     In  making  the  longer  runs,  the 
same  amount  of  water  was  let  into  the  air  but  it  was  let  in 
that  much  slower  and  therefore  became  better  mixed  with  the 
air  before  going  into  the  collector.     In  the  ten  minute  test 
the  efficiency  runs  from  95.2$  to  77.5$  which  is  quite  a  little 
below  that  of  the  five  minute  test.     In  the  twenty  minute  test 
the  efficiency  runs  from  94.5$  to  75.4$  which  is  a  little  be- 
low that  of  the  ten  minute  test.     In  the  thirty  minute  test 
the  efficiency  runs  from  82.6$  to  60.5$  which  is  far  below  that 
of  the  twenty  minute  test.     In  all  of  these  tests  the  efficiency 
of  the  collector  decreased  as  the  speed  of  the  air  increased. 
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The  efficiency  also  decreased  as  the  length  of  time  for  a  run 
increased . 

In  summing  up  the  test  run  on  the  collector  to  find 
the  efficiency  in  regard  to  dust  and  moisture,   I  would  say 
that  it  was  an  excellant  collector  for  dust  but  only  a  fair 
collector  for  moisture.     The  dust  tests  showed  that  the  amount 
of  dust  put  in  made  no  difference  and  the  lowest  efficiency 
obtained  was  98.2^  which  was  for  the  highest  speed  of  air 
obtainable.     The  moisture  tests  seemed  to  show  that  the  effic- 
iency dropped  very  rapidly'  as  the  water  became  better  mixed 
with  the  air  until  in  the  common  run  of  air  where  there  was 
only  a  very  small  amount  of  moisture  the  efficienc?/  became 
zero.     Several  runs  were  made  with  some  uns lacked  lime  and 
calcium  chloride  in  the  cuplike  basin  of  the  collector  to  see 
if  they  would  take  the  moisture  out  of  the  air  when  there  was 
very  little  moisture  in  the  air  but  they  failed  to  do  so.  The 
unslacked  lime  took  up  none  at  all  while  the  calcium  chloride 
took  up  just  a  little  on  the  top  which  was  all  of  it  that  came 
in  contact  with  the  air.     Therefore  in  conclusion  I  will  say 
that  from  my  observations  in  these  tests,  the  Derby  dust  and 
moisture  collector  is  an  excellant  collector  for  dust  but  is 
only  a  fair  collector  for  moisture. 
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